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Graduate Certificate in Healthcare Benchmarking (fast Track)

Health Economics and Cost Analysis

Health economics is the branch of economics that studies how health care resources are allocated, the
efficiency of health-care delivery, and the impact of health policies on population outcomes. It integrates
concepts from micro-economics, public finance, and epidemiology to assess the value of medical
interventions, the behavior of providers and patients, and the functioning of health-care markets. In the
context of a Graduate Certificate in Healthcare Benchmarking, understanding health-economics
terminology is essential for measuring performance, comparing costs, and identifying opportunities for
improvement across health-care organisations.

Cost analysis is the systematic process of identifying, measuring, and valuing the resources consumed in the
provision of health-care services. It provides the quantitative foundation for economic evaluations,
budgeting, and benchmarking. Cost analysis can be performed from various perspectives, each of which
determines which costs are included and how they are interpreted. The most common perspectives are the
societal perspective, the payer perspective, and the provider perspective.

Perspective defines the viewpoint from which costs and outcomes are measured. The societal perspective
captures all costs, regardless of who incurs them, including direct medical costs, direct non-medical costs,
and indirect costs such as productivity losses. The payer perspective focuses on costs borne by an insurer or
government program, typically including reimbursable medical expenses and administrative fees. The
provider perspective examines costs incurred by hospitals, clinics, or physicians, emphasizing resource
utilisation, staff time, and overhead.

Direct medical costs are expenses directly related to the diagnosis, treatment, and monitoring of a health
condition. These include hospital stays, physician fees, laboratory tests, imaging, medications, and medical
devices. For example, the cost of an inpatient stay for a coronary artery bypass graft (CABG) surgery
comprises operating-room time, surgical supplies, anesthesia, intensive-care unit (ICU) days, and
postoperative medications. Direct medical costs are often the primary focus of cost-effectiveness analyses
because they are readily observable in health-care accounting systems.

Direct non-medical costs refer to expenses that are not medical in nature but are required to obtain health
care. Common examples include transportation to and from a clinic, parking fees, childcare during
appointments, and home modifications for disability accommodation. These costs are especially relevant in
community-based interventions and in assessments that adopt the societal perspective.

Indirect costs capture the economic value of lost productivity due to illness, disability, or premature death.
They are typically estimated using the human-capital approach, which multiplies the number of workdays
missed by an average wage rate, or the friction-cost method, which accounts for the time required to
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replace a worker. For instance, a patient who is unable to return to work for six months after a hip
replacement incurs an indirect cost that reflects the foregone earnings and the potential impact on the
broader economy.

Intangible costs are non-monetary burdens such as pain, suffering, and reduced quality of life. While they
cannot be directly measured in monetary terms, they are incorporated into economic evaluations through
utility-based measures like the quality-adjusted life year (QALY) or the disability-adjusted life year (DALY).
Intangible costs are central to cost-utility analysis, which compares health outcomes in a way that reflects
patient preferences.

Time horizon is the period over which costs and outcomes are measured in an economic evaluation. The
choice of time horizon influences the completeness of the analysis. A short horizon may omit long-term
benefits or costs, whereas an excessively long horizon may introduce uncertainty about future events. For
chronic diseases, a lifetime horizon is often appropriate to capture all relevant health outcomes and
associated costs.

Discounting adjusts future costs and benefits to their present value, reflecting the principle that a dollar
today is worth more than a dollar in the future. Discount rates typically range from 3% to 5% per annum in
health-economic studies, though specific guidelines may prescribe alternative rates. Discounting is applied
to both costs and health outcomes, ensuring comparability across time periods. For example, a QALY gained
ten years from now is discounted to reflect its present value when calculating the incremental
cost-effectiveness ratio (ICER).

Inflation adjustment converts historical cost data to current monetary values, allowing for meaningful
comparison across different years. Price indices such as the medical component of the Consumer Price
Index (CPI) are commonly used. When benchmarking across institutions, it is crucial to adjust for inflation to
avoid misleading conclusions about cost efficiency.

Cost-minimisation analysis (CMA) is a form of economic evaluation used when two or more interventions
have proven equivalent outcomes. In such cases, the analysis focuses solely on identifying the least costly
option. CMA is appropriate only after robust clinical evidence demonstrates equivalence, for example, when
two generic antihypertensive drugs have identical blood-pressure-lowering effects.

Cost-effectiveness analysis (CEA) compares the relative costs and outcomes of two or more interventions,
expressing results as a cost per unit of health effect, such as cost per life-year saved or cost per case
averted. The central metric in CEA is the incremental cost-effectiveness ratio (ICER), calculated as the
difference in costs divided by the difference in effects between alternatives. Decision makers use the ICER to
assess whether an intervention provides good value for money relative to a willingness-to-pay threshold.

Cost-utility analysis (CUA) extends CEA by incorporating patient preferences for health states, typically using
utility measures that range from 0 (death) to 1 (perfect health). The most common outcome metric in CUA is
the QALY, which combines length of life with quality of life. For example, a treatment that yields two
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additional years of life at a utility of 0.8 Generates 1.6 QALYs (2 x 0.8). CUA enables comparison across
diverse health programmes because all outcomes are expressed in a common unit.

Cost-benefit analysis (CBA) translates both costs and benefits into monetary terms, allowing for a direct
net-benefit calculation. Benefits are often estimated using willingness-to-pay methods such as contingent
valuation or revealed preferences. A CBA is considered favourable when the monetary value of benefits
exceeds the monetary cost, producing a positive net present value. CBA is less common in health-care
benchmarking because assigning a dollar value to health outcomes can be ethically contentious.

Quality-adjusted life year (QALY) is a composite measure that reflects both the quantity and quality of life
generated by a health intervention. QALYs are calculated by multiplying the duration of time spent in a
health state by the utility weight of that state. Utility weights are derived from preference-elicitation
techniques such as the standard gamble, time trade-off, or the EQ-5D questionnaire. QALYs facilitate
comparison of interventions across disease areas, making them a cornerstone of health-technology
assessment (HTA).

Disability-adjusted life year (DALY) quantifies the burden of disease by summing years of life lost due to
premature mortality and years lived with disability, each weighted by a disability factor. DALYs are widely
used in global health to compare disease impact across regions and to prioritise resource allocation. While
DALYs are more common in population-level analyses, they can also inform benchmarking when evaluating
public-health programmes.

Willingness-to-pay threshold (WTP) represents the maximum amount a society or payer is prepared to
spend for a unit of health gain, such as one QALY. In many countries, thresholds are expressed in terms of
gross domestic product (GDP) per capita (e.G., One to three times GDP per capita). The choice of threshold
influences whether an intervention is deemed cost-effective. Benchmarking exercises often reference
established thresholds to contextualise the ICERs of competing providers.

Incremental cost-effectiveness ratio (ICER) is the ratio of the difference in costs to the difference in
effectiveness between two interventions. It is expressed as “cost per additional QALY" or “cost per life-year
saved.” The ICER is compared against the WTP threshold to determine whether the incremental benefit
justifies the additional cost. In practice, an ICER of $25,000 per QALY may be considered acceptable in a
health system with a $50,000 per QALY threshold.

Budget impact analysis (BIA) estimates the financial consequences of adopting a new health technology
within a specific budget context, such as a national health-service plan or an insurer’s formulary. BIA
complements CEA by addressing affordability and short-term cash-flow implications. For example, a BIA
might project the total additional expenditure required to introduce a novel oncology drug over a five-year
period, considering patient uptake and pricing.

Sensitivity analysis explores how changes in key parameters affect the results of an economic evaluation.
Deterministic (one-way or multi-way) sensitivity analysis varies a single or a set of variables while holding
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others constant, producing tornado diagrams that highlight influential inputs. Probabilistic sensitivity
analysis (PSA) assigns probability distributions to parameters and uses Monte-Carlo simulation to generate
a distribution of ICERs, often displayed as cost-effectiveness acceptability curves. Sensitivity analysis is vital
for benchmarking because it reveals the robustness of cost-effectiveness conclusions under uncertainty.

Threshold analysis identifies the value of a variable at which an intervention becomes cost-effective. For
instance, a threshold analysis may determine the price reduction needed for a new drug to achieve an ICER
below the WTP threshold. This type of analysis is useful for price negotiations and for setting
reimbursement policies.

Cost-allocation methods assign shared costs, such as overhead or infrastructure, to specific services or
departments. Common allocation bases include square-footage, number of patient days, or staff hours.
Accurate cost-allocation is essential for benchmarking because it ensures that each unit's cost profile
reflects its true resource consumption, enabling fair comparisons.

Activity-based costing (ABC) refines cost-allocation by tracing resources to specific activities and then to the
final products or services. ABC captures the complexity of health-care processes, such as the multiple steps
involved in a surgical pathway. By mapping each activity's resource use, ABC provides granular cost data
that can highlight inefficiencies and support process improvement initiatives.

Micro-costing involves detailed enumeration and valuation of every input required to deliver a health
service, often at the patient-level. It contrasts with gross-costing, which uses aggregated cost data.
Micro-costing yields high-precision estimates and is particularly valuable for evaluating innovative
interventions where standard cost data are unavailable.

Gross-costing uses aggregate cost figures, such as average cost per admission or per episode of care,
derived from financial statements or national tariffs. While less precise than micro-costing, gross-costing is
faster and more feasible for large-scale benchmarking across many institutions.

Standardised cost-weights are predetermined values assigned to health services to facilitate comparison
across settings. In many health systems, Diagnosis-Related Group (DRG) tariffs serve as cost-weights,
representing the average cost of treating patients within a specific clinical category. Using standardised
cost-weights enables benchmarking by normalising for case-mix differences.

Case-mix adjustment corrects for differences in patient complexity and severity across providers, ensuring
that cost comparisons reflect true efficiency rather than variations in clinical acuity. Risk-adjustment models,
such as the Charlson Comorbidity Index or the Elixhauser score, are commonly employed. Without case-mix
adjustment, a hospital treating a higher proportion of complex patients may appear less efficient purely due
to higher resource utilisation.

Benchmarking is the systematic process of comparing performance metrics—such as costs, quality
indicators, or productivity—against best-practice standards or peer organisations. In health-care,
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benchmarking seeks to identify gaps, share best practices, and drive continuous improvement. Economic
benchmarking focuses on cost-related measures, often integrated with quality outcomes to assess
value-based performance.

Best-practice frontier represents the most efficient combination of cost and quality observed among a set
of providers. Plotting providers on a cost-quality plane, the frontier is formed by those that achieve the
lowest cost for a given level of quality (or the highest quality for a given cost). Providers below the frontier
have room for improvement, while those on the frontier are considered benchmarks.

Data Envelopment Analysis (DEA) is a non-parametric linear-programming technique used to evaluate the
relative efficiency of decision-making units (DMUs), such as hospitals or clinics. DEA constructs an efficiency
frontier based on multiple inputs (e.G., Staff hours, beds) and outputs (e.G., Discharged patients,
procedures). Efficiency scores range from 0 to 1, with 1 indicating that a DMU lies on the frontier. DEA is
frequently employed in health-care benchmarking to assess technical efficiency.

Stochastic Frontier Analysis (SFA) extends DEA by incorporating a statistical error term, separating random
noise from inefficiency. SFA assumes a specific functional form for the production frontier and estimates
parameters using maximum likelihood techniques. While more complex, SFA provides confidence intervals
for efficiency estimates, useful when data quality varies across providers.

Cost-effectiveness plane visualises the relationship between incremental costs and incremental effects of
two interventions. The plane is divided into four quadrants: Northeast (more costly, more effective),
southeast (less costly, more effective), southwest (less costly, less effective), and northwest (more costly, less
effective). The location of a provider’s result on this plane informs strategic decisions—e.G., Whether to
adopt a new technology or to focus on cost reduction.

Cost-effectiveness acceptability curve (CEAC) displays the probability that an intervention is cost-effective
across a range of WTP thresholds, derived from PSA results. The CEAC helps decision makers understand
the likelihood of cost-effectiveness under different willingness-to-pay scenarios. In benchmarking, CEACs
can compare the probability of cost-effectiveness across institutions, highlighting those with more
favourable economic profiles.

Net monetary benefit (NMB) reformulates the ICER equation to a linear expression:

NMB = (AEffect x A) - ACost, where A is the WTP threshold. Positive NMB indicates cost-effectiveness. The
NMB framework simplifies statistical analysis and facilitates the incorporation of uncertainty, making it
advantageous for large-scale benchmarking studies.

Opportunity cost is the value of the next best alternative foregone when resources are allocated to a
particular health intervention. Recognising opportunity costs is essential when evaluating trade-offs, such as
allocating funds to a new vaccination programme versus expanding mental-health services. Benchmarking
exercises that ignore opportunity costs may overstate the benefits of a given strategy.
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Marginal cost refers to the additional cost incurred by producing one more unit of output, such as an extra
surgical case. Understanding marginal costs helps managers assess the financial impact of scaling services.
In cost-effectiveness analysis, marginal cost is often compared to marginal health gains to evaluate the
efficiency of incremental expansions.

Fixed costs are expenses that do not vary with the volume of services, such as building rent, administrative
salaries, and equipment depreciation. Fixed costs must be covered regardless of patient throughput, making
capacity utilisation a critical performance metric. Benchmarking fixed-cost structures across providers can
reveal economies of scale or inefficiencies.

Variable costs change in direct proportion to service volume, including consumables, pharmaceuticals, and
per-patient staffing. Variable costs are more sensitive to changes in demand and are often the focus of
cost-containment initiatives. By analysing variable-cost patterns, institutions can identify areas where
process optimisation may yield savings.

Economies of scale occur when average costs decline as output increases, due to more efficient utilisation
of fixed resources. In health care, larger hospitals may achieve economies of scale by spreading
administrative overhead across a greater number of patients. However, diseconomies of scale can arise if
size leads to coordination problems or diminished quality, underscoring the need for balanced
benchmarking.

Economies of scope arise when a provider can deliver multiple services more efficiently together than
separately. For example, a hospital that offers both cardiology and cardiac surgery can share imaging
equipment, reducing overall costs. Benchmarking economies of scope helps organisations decide whether
to diversify services or specialise.

Cost-per-case measures the average expense incurred for a single episode of care, such as the cost per
knee replacement. This metric is useful for comparing procedural efficiency across institutions and for
monitoring trends over time. Adjusting cost-per-case for case-mix ensures that differences reflect genuine
performance variations rather than patient complexity.

Cost-per-patient-day calculates the average daily cost of inpatient care, dividing total hospital expenses by
the number of patient-days. This indicator is widely used in benchmarking to assess hospital efficiency,
especially when combined with length-of-stay data. A lower cost-per-patient-day may indicate effective
resource utilisation, but must be examined alongside quality outcomes to avoid under-treatment.

Length of stay (LOS) is the duration of a patient’'s hospitalisation, measured in days. LOS is a key driver of
inpatient costs and a common target for efficiency improvement. Reducing LOS without compromising
quality can lower cost-per-patient-day and free capacity for additional cases. Benchmarking LOS across
similar case-mixes helps identify best-practice discharge protocols.

Readmission rate captures the proportion of patients who return to the hospital within a specified period
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after discharge, often 30days. High readmission rates may indicate suboptimal care coordination,
premature discharge, or inadequate post-acute support, leading to increased costs. Benchmarking
readmission rates alongside cost metrics provides a more comprehensive view of value.

Hospital-acquired infection (HAI) rate measures the frequency of infections contracted during
hospitalisation, such as catheter-associated urinary tract infections or central-line associated bloodstream
infections. HAIs increase length of stay, resource use, and mortality. Benchmarking HAI rates together with
cost data highlights the financial benefits of infection-control interventions.

Quality-adjusted cost-effectiveness (QACE) integrates quality metrics directly into cost-effectiveness
calculations, allowing for simultaneous assessment of cost, quality, and efficiency. QACE can be expressed as
cost per unit of quality improvement, such as cost per reduction in surgical site infection rate. This approach
aligns economic evaluation with quality-improvement goals.

Health-technology assessment (HTA) is a multidisciplinary process that evaluates the clinical, economic,
ethical, and organisational implications of health technologies. HTA bodies produce recommendations on
reimbursement, pricing, and adoption. Economic evaluation forms a core component of HTA, and the
vocabularies discussed here are routinely employed in HTA reports.

Price elasticity of demand measures the responsiveness of quantity demanded to changes in price. In
health-care, demand for many services is relatively inelastic, especially for essential or life-saving treatments.
However, elective procedures may exhibit higher elasticity, influencing pricing strategies and
cost-containment policies. Benchmarking price elasticity assists payers in designing benefit designs that
promote value.

Supply-side constraints refer to limitations on the availability of health-care resources, such as shortages of
specialised staff, limited operating-room capacity, or insufficient diagnostic equipment. These constraints
can drive up costs and affect access. Understanding supply-side constraints is essential when interpreting
benchmarking results, as higher costs may stem from capacity bottlenecks rather than inefficiency.

Demand-side factors include patient preferences, health-literacy levels, and socioeconomic status, all of
which influence utilisation patterns. Demand-side considerations are crucial for accurate cost modelling, as
they affect the volume and mix of services consumed. Benchmarking that neglects demand-side
heterogeneity may produce biased efficiency estimates.

Cost-effectiveness threshold (CET) is another term for the WTP threshold, indicating the maximum
acceptable cost per unit of health gain. Some health systems publish explicit CETs to guide reimbursement
decisions. When benchmarking across jurisdictions, analysts must be aware of differing CETs, as they affect
the interpretation of ICERs.

Discount rate sensitivity examines how varying the discount rate influences the present value of costs and
outcomes. Because discounting can substantially affect long-term interventions, sensitivity analysis of the
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discount rate is a standard component of economic evaluations. Benchmarking studies often report results
at both 3% and 5% discount rates to illustrate robustness.

Budget ceiling is a predetermined limit on total spending for a health programme or for a set of services
within a fiscal period. Budget ceilings are common in publicly funded systems and constrain the adoption of
new technologies. Benchmarking must respect budget ceilings, identifying cost-effective options that fit
within the allocated resources.

Cost-sharing involves distributing health-care expenses among multiple parties, such as insurers, patients,
and governments. Cost-sharing mechanisms, including co-payments, deductibles, and caps, influence
utilisation behaviour and overall system costs. Benchmarking cost-sharing arrangements can reveal how
financial risk is allocated and its impact on efficiency.

Economic evaluation framework outlines the systematic steps for conducting a cost-effectiveness or
cost-utility analysis: Defining the research question, selecting the perspective, identifying comparators,
measuring costs and outcomes, discounting, analysing uncertainty, and interpreting results. Mastery of this
framework is essential for producing rigorous benchmarking reports.

Data sources for health-economic analyses include electronic health records (EHRs), administrative claims
databases, national registries, hospital financial statements, and patient surveys. Each source has strengths
and limitations regarding completeness, accuracy, and timeliness. Effective benchmarking relies on
high-quality, comparable data across organisations.

Micro-simulation models individual patient pathways, allowing for detailed tracking of resource use, health
outcomes, and costs over time. Micro-simulation is useful when heterogeneity among patients is
pronounced, such as in chronic disease management programmes. Benchmarking with micro-simulation
can uncover nuanced efficiency drivers that aggregate models might miss.

Markov model is a state-transition model commonly used in health-economic evaluations to represent
disease progression through discrete health states (e.G., Healthy, diseased, disabled, dead). Transition
probabilities dictate movement between states each cycle, and costs and utilities are assigned to each state.
Markov models enable long-term projection of costs and QALYs, supporting benchmarking of chronic-care
interventions.

Decision tree depicts a series of mutually exclusive pathways, each associated with specific probabilities,
costs, and outcomes. Decision trees are suitable for short-term analyses where events occur once, such as
diagnostic testing strategies. When benchmarking multiple diagnostic pathways, decision-tree analysis
clarifies the cost-effectiveness of each branch.

Model validation assesses whether a decision-analytic model accurately reflects real-world outcomes.
Validation techniques include internal validation (checking logical consistency), external validation
(comparing model outputs to independent data), and cross-validation (testing against alternative models).
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Robust validation is critical for credible benchmarking results.

Transparency in economic evaluation requires clear documentation of assumptions, data sources, parameter
values, and methodological choices. Transparent reporting enables replication, peer review, and informed
decision making. Benchmarking studies that adhere to transparency standards, such as the CHEERS
checklist, are more likely to influence policy.

Ethical considerations arise when assigning monetary values to health outcomes, especially for vulnerable
populations. Ethical debates centre on equity, distributive justice, and the appropriateness of using WTP
thresholds that may disadvantage low-income groups. Benchmarking initiatives must incorporate ethical
frameworks to ensure that cost-effectiveness does not compromise fairness.

Equity weighting adjusts utility values to reflect societal preferences for improving health among
disadvantaged groups. For example, a QALY gained by a low-income individual may be weighted higher
than a QALY gained by a higher-income individual. Incorporating equity weights into benchmarking can
align efficiency goals with social justice objectives.

Opportunity analysis evaluates the potential benefits of reallocating resources from low-value to high-value
services. By identifying “low- hanging fruit” — services with high costs and minimal health gains -
organisations can prioritise investments that deliver the greatest incremental health benefit per dollar spent.
Benchmarking provides the data foundation for such analyses.

Performance dashboard visualises key cost and quality metrics, often using traffic-light colour coding or
trend lines. Dashboards enable managers to monitor efficiency, detect outliers, and track progress toward
benchmarking targets. Integrating economic indicators into dashboards ensures that cost considerations
remain central to performance management.

Learning health system is an ecosystem that continuously generates, analyses, and applies evidence to
improve care delivery. Economic evaluation and benchmarking are integral components, feeding back cost
and outcome data to inform practice changes. A learning health system leverages real-time analytics to
refine cost-effectiveness estimates and accelerate improvement cycles.

Value-based purchasing (VBP) links reimbursement to the achievement of quality and efficiency targets.
Under VBP, providers that demonstrate superior cost-effectiveness may receive higher payments or
bonuses, while those with poor performance may face penalties. Benchmarking supplies the comparative
data needed to implement VBP contracts fairly.

Payment models such as bundled payments, capitation, and shared savings arrangements influence
provider incentives. Bundled payments provide a single fee for an entire episode of care, encouraging cost
containment across the care continuum. Capitation offers a fixed per-member per-month payment, shifting
financial risk to providers. Benchmarking helps assess how different payment models affect
cost-effectiveness and quality.
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Bundled payment typically includes all services related to a specific procedure, such as joint replacement,
encompassing pre-operative assessment, surgery, post-acute rehabilitation, and follow-up. Providers must
manage the entire episode within the bundled amount to achieve profitability. Benchmarking
bundled-payment performance requires detailed cost tracking across all phases of care.

Capitation assigns a predetermined amount for each enrolled individual, regardless of the services used.
Under capitation, providers are incentivised to keep patients healthy and avoid unnecessary services.
Benchmarking capitation outcomes involves comparing total costs and health outcomes per enrollee across
organisations.

Shared savings arrangements allow providers to retain a portion of the cost savings they generate relative
to a benchmark. To qualify, providers must also meet quality benchmarks, ensuring that cost reductions do
not compromise care. Accurate benchmarking of both cost and quality is essential to determine eligible
savings.

Cost-avoidance refers to actions that prevent the incurrence of future costs, such as implementing
preventive screening programmes that reduce downstream disease treatment expenses. Cost-avoidance is
distinct from cost reduction, which focuses on lowering existing expenditures. Benchmarking
cost-avoidance initiatives helps quantify long-term financial benefits.

Return on investment (ROI) measures the financial gain relative to the cost of an intervention, expressed as
a percentage or ratio. ROI calculations often exclude health outcomes, focusing solely on monetary returns,
which can be misleading for health-care decisions. In benchmarking, ROl should be interpreted alongside
cost-effectiveness metrics to capture both financial and health impacts.

Cost recovery is the practice of setting prices to recoup the full cost of delivering a service, ensuring
financial sustainability. While cost recovery promotes fiscal balance, it may conflict with equity goals if prices
become prohibitive for low-income patients. Benchmarking cost recovery rates across providers can reveal
variations in pricing strategies.

Marginal analysis examines the incremental changes in costs and benefits associated with a small
adjustment in service provision. Marginal analysis is useful for decisions such as adding an extra
operating-room slot or extending clinic hours. Benchmarking marginal costs helps identify points where
additional capacity yields diminishing returns.

Production function describes the relationship between inputs (e.G., Labour, capital) and outputs (e.G.,
Treated patients). In health-care, a simple production function might model how increasing nursing staff
affects the number of surgeries performed. Understanding production functions enables benchmarking of
input-output efficiency.

Cost function captures the total cost associated with producing a given level of output, incorporating both
fixed and variable components. Econometric estimation of cost functions can reveal economies of scale and
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scope. Benchmarking cost functions across organisations highlights structural cost differences.

Regression analysis is a statistical method used to estimate the relationship between a dependent variable
(e.G., Cost) and one or more independent variables (e.G., Patient age, comorbidities). Multivariate regression
helps adjust cost comparisons for case-mix and other confounders, producing more accurate benchmarking
results. Common models include ordinary least squares (OLS), generalized linear models (GLM), and
hierarchical (mixed-effects) models.

Hierarchical modelling accounts for data that are nested, such as patients within hospitals. By incorporating
random effects for higher-level units, hierarchical models capture between-hospital variation while
controlling for within-hospital patient characteristics. This approach is valuable for benchmarking because it
isolates true organisational efficiency from patient-level heterogeneity.

Panel data consists of observations over time for multiple entities, enabling analysis of trends and the
impact of policy changes. Panel-data techniques, such as fixed-effects or random-effects models, can assess
how cost-effectiveness evolves across years. Benchmarking with panel data provides dynamic insights,
revealing whether efficiency improvements are sustained.

Cost-effectiveness frontier extends the concept of the best-practice frontier to include cost-effectiveness
outcomes. It represents the set of interventions that deliver the greatest health gain for each level of cost.
Providers can be positioned relative to this frontier to evaluate whether their service mix aligns with optimal
value.

Threshold analysis (also known as price-threshold analysis) determines the price point at which an
intervention becomes cost-effective. For example, a new antiviral drug may become cost-effective if its price
falls below a certain amount per treatment course. Threshold analysis informs price negotiations and
reimbursement decisions.

Price-volume relationship explores how unit price changes as the volume of a product or service varies. In
health-care, bulk purchasing of pharmaceuticals may lead to lower per-unit costs, while high utilisation of a
service could trigger economies of scale. Benchmarking price-volume curves assists in strategic
procurement planning.

Cost-effectiveness acceptability frontier is a graphical representation that combines the cost-effectiveness
plane with acceptability information, illustrating the set of interventions that are acceptable under varying
WTP thresholds. This frontier helps decision makers visualise trade-offs across multiple criteria.

Resource utilisation quantifies the amount of inputs consumed during health-care delivery, such as staff
hours, equipment usage, and consumables. Accurate measurement of resource utilisation is a prerequisite
for reliable cost estimation. Benchmarking resource-use patterns can identify over- or under-utilisation
relative to peers.
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Process mapping visualises each step in a clinical pathway, highlighting where resources are consumed and
where delays or redundancies occur. By linking process maps to cost data, organisations can pinpoint
inefficiencies and target improvement initiatives. Benchmarking process maps across institutions reveals
best-practice workflows.

Lean methodology focuses on eliminating waste, streamlining processes, and creating value for patients. In
health-care, lean tools such as value-stream mapping and 5S can reduce unnecessary steps, shorten LOS,
and lower costs. Benchmarking lean-implementation outcomes demonstrates the financial impact of
process-improvement strategies.

Six Sigma aims to reduce variation and defects in processes, targeting a defect rate of 3.4 Per million
opportunities. In health-care, Six Sigma projects may address medication-error rates or surgical-site
infection frequencies. Benchmarking Six Sigma results provides evidence of quality-driven cost reductions.

Clinical pathway (or care pathway) is a structured, evidence-based plan that outlines the sequence and
timing of interventions for a specific condition. Pathways facilitate standardisation, reduce unwarranted
variation, and improve cost predictability. Benchmarking adherence to clinical pathways helps assess
consistency and efficiency.

Standardised mortality ratio (SMR) compares observed deaths to expected deaths, adjusting for case-mix.
While primarily a quality indicator, SMR can be linked to cost analyses, as higher mortality often correlates
with higher resource consumption. Benchmarking SMR alongside cost metrics supports value-based
assessments.

Cost-effectiveness of prevention evaluates the economic merits of interventions that avert disease onset,
such as vaccination, screening, or lifestyle programmes. Preventive measures often involve upfront costs but
generate long-term savings through avoided treatment. Benchmarking preventive programmes requires
projecting downstream cost offsets and health gains.

Health-related quality of life (HRQoL) instruments, such as the SF-36 or EQ-5D, capture patient-perceived
health status across multiple dimensions. HRQoL data are essential for calculating utilities in CUA.
Benchmarking HRQoL outcomes across providers informs whether cost differences translate into
meaningful patient benefits.

Patient-reported outcome measures (PROMs) collect health status information directly from patients,
covering symptoms, functional status, and satisfaction. PROMs are increasingly used in value-based
reimbursement models. Integrating PROMs into benchmarking frameworks aligns cost data with
patient-centred outcomes.

Cost-effectiveness of digital health assesses the economic value of telemedicine, mobile health apps, and
electronic decision-support tools. Digital interventions often have high upfront development costs but low
marginal costs per user. Benchmarking digital health solutions involves analysing adoption rates, cost
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savings from reduced visits, and impact on health outcomes.

Health-care financing structures determine how resources are pooled and allocated. Common financing
mechanisms include tax-funded national health services, social health insurance, private insurance, and
out-of-pocket payments. Understanding financing arrangements is vital for benchmarking, as cost
incentives differ markedly across systems.

Risk-adjusted reimbursement modifies payments to reflect patient risk profiles, aiming to prevent providers
from avoiding high-cost patients. For instance, Diagnosis-Related Group (DRG) systems incorporate severity
adjustments. Benchmarking risk-adjusted reimbursement rates helps evaluate whether payment reforms
achieve intended equity and efficiency goals.

Cost-efficiency frontier delineates the minimum cost required to achieve a given level of output, analogous
to the production frontier but focused on cost. Providers positioned above the frontier incur unnecessary
expenses, indicating opportunities for cost reduction without compromising output. Benchmarking against
the cost-efficiency frontier guides targeted interventions.

Cost-effectiveness thresholds by disease recognise that societal willingness to pay may vary across disease
areas, reflecting severity, rarity, or public preferences. Some jurisdictions adopt disease-specific thresholds
for rare diseases or oncology treatments. Benchmarking analyses should account for such differentiated
thresholds to ensure appropriate interpretation.

Learning curve describes the reduction in resource use or improvement in performance as providers gain
experience with a new technology or procedure. Early adopters may incur higher costs, which decline over
time. Benchmarking should incorporate learning-curve adjustments to avoid penalising institutions that are
early innovators.

Implementation cost encompasses expenses associated with deploying a new intervention, including
training, equipment installation, and change-management activities. These costs are often amortised over
several years. Benchmarking implementation costs helps organisations assess the true economic impact of
innovation adoption.

Opportunity cost of capacity reflects the value of alternative uses of limited resources, such as
operating-room time that could be allocated to other procedures. When evaluating expansion decisions,
analysts must consider the health gains forgone elsewhere. Benchmarking capacity utilisation aids in
optimal allocation of scarce assets.

Cost-effectiveness of health-policy reforms examines the economic impact of system-wide changes, such as
the introduction of a national formulary, changes in reimbursement rates, or the adoption of bundled
payments. Policy-level benchmarking requires macro-economic modelling and can inform legislative
decisions.
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Comparative effectiveness research (CER) focuses on identifying which interventions work best for specific
patient populations under real-world conditions. While CER emphasises clinical outcomes, integrating cost
data transforms CER into cost-effectiveness research, enriching benchmarking with economic perspectives.

Health-care market competition influences pricing, quality, and efficiency.
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